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. Recent reports have 1nd1cated that
the ‘treatment of cigarette tobacco
with either sodngm or potassium ni--
trate results in a selective reduction -
of certam smoke constltuents (2,4).
In one of these reports the addition
of 8.3% sodium nitrate resulted in a_
significant. lowering of total partlcu-
late: matter, nlcotme, benzo[alpy-
rene and phenol in the smoke from
treated cigarettes as compared with
standard (untreated) clgaretbes (2)

‘When painted on the backs of mice,

the smoke from the treated ciga-.
rettes was also less toxic and resulted
in a lower tumor yield than that
from ‘the standard clgarettes The
action of sodium nitrate in reducing
‘these substances in smoke was at-
tributed to its contributing oxygen,
which facilitated a more complete
’combustlon of _the. tobacco. It was
also thought that the nitric oxide
which formed when the nitrate was
‘heated could function as a free-rad-
1cal scavenger and théreby inhibit.
: th"
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_ different rates of mtrogen fertiliza-
tion were available to us. The an-

alysis of these two lots of tobacco
showed a 17-fold difference in nat-
urally occurring nitrate. It therefore
- was considered worthwhile to deter—
“mine whether those. smoke compo-

nents which were altered by addition -

of sodium nitrate to: tobacco also

would be found: in sugmﬁcantly dif- . p
. ferent amounts in the smoke from

these two tobaccos..
Two. lots of Burley #37 tobacco
were grown on adjacent plots at the

Tobacco Experlment Station, Green-‘
_ville, Tenn. ‘ The low-nltrogen plot -

received fertilizer in the form. of

20% superphosphate and 50% po-

tassium sulfate but no nitrogen. The

nitrate and potassium sulfate con-

~ stituting a total of 300 Ib nitrogen
per acre.. This difference in mt;rogen

feruhzatlon was reflected in. a dif-

- ference in the. mtrate content of the
“leaf. The tobacco receiving no ni-
‘nitrate
while that fertilized with nitrogen
Nitrogen
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‘»serlbed by
groups of cigarettes: were maﬁnufa;c’-r .
were'
85 mm in length, and were unfil-
;tered
im il condltloned ‘at 25°C and 60%

_trogen = contained 0.098%

contained 1:66% nitrate.

‘Broaddus (5).  Both

tured on- commercml machlnes

Prior to: smoklng they were

..room temperatur,
ously stirred cycloh

-of groups: of 20
nificant amount of

 Fractionation of Smo
hlgh-nltrogen plot received 5-10-5 - : i
fertilizer plus additional ammonium. -

"Washed with 2x

rela-

CSM-10 Smoking Ma
ml puff of 2 second:
taken once a minute
rette The smoke:

in ‘a’ 250 ml flask. .
'smoke beneath th

lection of smoke i
very efficient. D

ter deposited on a
which was place
tion flask in the smo

After the smoke
cyclohexane ‘soluti
ferred 'to-a separato
collection flask, ‘s
tube were rinsed w:
tlons of 2x5 ml of

This base extract




nitromethane “These mtromethane

extracts ~were combined -and the
solution - concentrated to dryness

‘a rotary evaporator . (bath
temp -45°C; press 30 mm). The
residue (C) was used for the deter-
mmatlon of benzo[a] pyrene.

Del'ermma'hon of Phenols

The base extract (A) was steam

,dlstllled Approxxmately 500 ml of
dlstlllate was collected and discard-
ed. The contents of the distillation
flask ‘were allowed to cool and then

‘acidified with 50 ml of 20% sulfuric

acid and again steam distilled. The
distillate (180.ml) was acidified and
extracted with 6x50 ml of purified
-ether. The ether extracts were com-
‘bined and extracted with 2x5 ml of
saturated ‘sodium bicarbonate solu-
tion. The -ether solution was dried
over: anhydrous sodium sulfate and
concentrated to less than 1 ml by
‘distillation through a 13 cm Vigreux
column at atmospheric pressure.
Thls concentrated ether solution
‘was transferred to a 1 ml volumetric
flask and diluted to volume. This
solution was used to determine phe-
nols by gas chromatography, using
a Barber»Colman Selecta 5000 sys-
tem’ W1th a model 5043 electrometer
and a flame ionization detector. A
2m x Yg-in. s.s. column packed with
100 120 mesh Porapak Q was used.

‘The .operating parameters were:
mtrogen carrier gas flow 25 ml/
‘min; air and hydrogen gas flows,
/300 ml and 27 ml/min respectively;
k‘column, mJector and detector - tem-
peratures, 230°, 250°, and 270°C,
respectively. The electrometer set-
‘tings were: sensitivity, 10-1° amps
.and. attenuation, 2. An Infotronics
‘Digital Readout System, Model CRS-
11 HSB -was ‘used to determine peak
-areas.’ ‘The settings on the inte-
grator were: tracking rate, 83 up —
'10 down; threshold level, 0.05; trip,
A5 slope sens1t1v1ty, 1; and filter
‘frequency, 1. :

The concentratmn of phenol, 0-
,cresol and m- and/or p-cresol was
determined from the ratio of their
individual ‘peak areas to the area of
o—chlorophenol Whlch served as an
mtemal standard. 'An aliquot of a
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" Figure 1. Fractionation of cigarette smo’ke.

were 'd'eterm,ined from a standard
solution containing - phenol, o-, m-,
p-cresol and o-chlorophenol.

Determination of Nicotine

This procedure is. a modification
of that described by Ogg (3) for the
determination of nicotine in smoke

particulate matter collected on a-

Cambridge filter. The acid extract
(B) and 10 ml of 0.5 N hydrochloric
acid were steam distilled until 300-
400 ml of distillate was collected,
which was discarded. After the
acidic solution in the distillation
flask had been allowed to cool, 30 ml
of a 30% sodium hydroxide  solu-
tion, saturated with sodium chlo-
ride, was added. The resulting solu-
tion was then steam distilled until
approximately 400 ml of distillate
was collected. In this second. distil-
lation the distillate was collected
under the surface of 50 ml of 0.5 N
hydrochloric acid contained in a 500
m] volumetric flask. After the vol-
ume of the distillate was adjusted
to 500 ml with distilled water, a 25
ml aliquot was diluted to 100 ml
with 0.05 N hydrochloric acid. The
absorbance of this solution was read
at 236 mpy, 259 my and 282 mp. Mil-
ligrams of nicotine per cigarette, N,

-was calculated using the formula:

A4259 ’“ (Azse -+ .Azsz)/z

N =

- , Where
0.3213 X b

Asse, Asge and A,g, are the absorb-

ances at the indicated wavelengths

and b is the pathlength of the cell

in cm.

Defermmahon of Benzo[a]pyrene :

The res1due (C)" from the nitro-

methane-soluble  fraction was dis- -
solved in approximately 20 ml of
benzene, placed on a 2.5 cm (i.d.)

column containing 5 grams of silicic
acid and the column was eluted with
250 ml of benzene which was col-
lected in a single portion. This pro-
cedure removed the bulk of the polar
chromophoric material. The eluant
which contained the benzo[a]pyrene
and other aromatic hydrocarbons
was concentrated to dryness using a
rotary evaporator (bath temp. 45°C;
press. 30 mm). The weight of this
residue is reported as the “nitro-
methane fraction.” After the resi-
due was weighed it was taken up in
approximately 0.1 ml cyclohexane
and applied ‘as a series of spots,
forming a 12 cm streak, to a 20x20
cm alumina thin-layer plate. Refer-
ence spots of authentic benzo[a]-
pyrene were placed 1.5 em from each
end of the streak. After the plate
was developed in ethyl ether-pentane
(1:9), the band containing benzo-
[alpyrene was located by examining
the plate under UV light and was
transferred to a 15 ml centrifuge
tube. The benzo[a]pyrene was de-
sorbed with 4x4 ml of methanol.

The four solutions were combined

‘and concentrated to approximately

0.1 ml and chromatogrammed on a
20%  acetylated cellulose thin-layer
plate After the plate was developed
in ethanol-toluene-water  (17:4: 1)»
the benzo[a]pyrene band was trans-
ferred to a 15 ml centrifuge tube
and recovered by desorbing with 4x4
ml of methanol. All methanol solu-
tions were pooled, concentrated to

 approximately 0.3 ml, and ﬁltered
* through a small cotton plug: mto-ai
- volumetric flask, - After d




t'least five determinations. ..
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,;12 or 5 ml the ﬂuorescence spectrum_
of the solutlon was obtained, using
‘an. Amlnco Bowman Spectrofluorom- -
‘eter set at an excitation Wavelength'»
of 880 mu. The fluorescence maxi-
mum at 405 m,u was - read -and the
‘concentration benzo[ra,]pyrenel
*~'determ1ned Wlth a standard,'
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Junctlon (0°C) to a potentlometer- :
~type recorder The' thermocouple was
inserted approx1mately 25 mm into
the free end of the cigarette which
- was held in a Cambrldge filter hold-
er. The burn temperature was re-
‘corded as the point of maximum re-
corder response as the combustloni
“ zone passed over . the thermocoupl ,

Junctlon For each determmatlon 10
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omethane’ residue
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o relatlonshlp be-
values. This has also
o be the case with other
‘c1garettes analyzed in
For the Burley

ence is indicated in the amounts of
certain individual phenols. The phe-
‘nol content of the smoke from the
HN c1garettes has been shown to be
“higher ‘and the levels of m- and p-
cresols to be lower than that found
n the smoke from the LN Burley
“cigarettes.

~Although the level of constituents
ower in the smoke from the HN
e éco, the magnitude of this- de-
er se is not very great in compari-
“son with- the results obtained by the
dition of 8.3% sodium nitrate to
bacco. This is undoubtedly be-
use, unlike the case in which 8.3%
] um nitrate was added to the to-
;,bacco the level  of naturally occur-

alpyrene in
tained for all

cigarettes was slightly

- ring nitrate in the high nitrate to-
‘bacco was equivalent to only 2. 28%

sodium nitrate.

Sdmmary '
Levels of certain chemical con-

stituents were determined in the
smoke of cigarettes made from two

lots of Burley tobacco containing a

17-fold difference in naturally occur-
ring nitrate. On the basis of equal

volumes of smoke, the high nitrate

cigarettes yielded considerably more
nicotine than the low nitrate ciga-
rettes. The levels of other smoke
constituents, however, were not
found to differ greatly for the two
cigarettes. Slightly lower levels of
benzo[a]pyrene and m- and p-
cresols were found in the smoke
frem the high nitrate cigarettes.
The smoke from the low nitrate
lower in
TPM and phenol. However, no dif-
ference in total phenols was found
in the smoke from these cigarettes.
For comparison, levels of these con-
stituents in the smoke of commer-
cial cigarettes were also ‘presented.
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